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The SRAM cells of a semiconductor storage device each
comprise first and second inverter circuits loop-connected
with each other to form a hold circuit; two access transistors;
and a hold control transistor connected 1n series with a drive
transistor of the second inverter circuit. While the memory
cell 1s not accessed, the hold control transistor causes the first
and second 1nverter circuits to form the loop connected hold
circuit for statically holding data. When the memory cell 1s
accessed, the hold control transistor causes the first and sec-
ond 1nverter circuits to be disconnected from the loop con-
nection for dynamically holding data, thereby preventing data
corruption that would otherwise possible occur due to a read
operation. Moreover, a sense amplifier circuit that uses a
single bit line to read data from a memory cell 1s disposed 1n
a space appearing in the memory cell array, thereby efiec-
tively using the area.
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1
SEMICONDUCTOR MEMORY DEVICE

TECHNICAL FIELD

The present mvention relates to semiconductor memory
devices and, more particularly, to a semiconductor memory
device comprising a minimum number of transistors, operat-
ing at an ultra-high speed and an ultra-low voltage, preventing
data corruption during the read operation.

BACKGROUND POTENTIAL ART

With custom ICs for use in an ASIC (Application Specific
Integrated Circuit) or the like, attempts have heretofore been
taken to refine transistors to the lower a power supply voltage
for thereby improving operating speeds. With these custom
ICs, a variety of memory devices are embedded. A need also
arises for these embedded memory devices to similarly oper-
ate at the high speed and low power supply voltages and, 1n
application to, for instance, cash memories or the like, a static
random access memory (SRAM: Static Random Access
Memory that 1s herein atfter referred to as SRAM) similarly
needs to operate at the high speed and low power supply
voltages.

An SRAM of the related art 1s described with reference to
FIG. 1. FIG. 1 shows a circuit structure of a unit cell (here-
inafter referred to as an SRAM cell) of the related art SRAM
by which a cache memory is structured. In a case where a
word line signal WL lies a low voltage potential, forming two
CMOS (Complementary Metal Oxide Semiconductor)
inverters 1n loop connection enables data to be stably stored.
That 1s, one of the CMOS mverts has an input formed of a data
storage node V1 to allow inverted data of data stored 1n the
node V1 to be output to a data storage node V2 and the other
of the CMOS 1nverts has an 1mput formed of a data storage
node V2 to allow inverted data of data stored in the node V2
to be output to the data storage node V1.

However, in an event that the word line signal WL 1s
accessed to be raised to a high voltage potential, the data
storage nodes V1, V2 and bit line pair BL'T, BLN are made
conductive to each other via access transistors to cause the
low voltage potential of the data storage nodes V1, V2 to be

raised from a ground potential, resulting 1n a difficulty of

stably holding data. In general, with the related art SRAM, a
static no1se margin (SNM: Static Noise Margin) has hereto-
fore been used as an 1index for measuring a stability of data
storage during access operation.

That 1s, a buttertly curve 1s drawn as shown 1n FIG. 2 when
two DC (direct current) characteristics are overlapped each
other with an SRAM formed of two separate inverters by
which DC characteristics of the respective inverters are
obtained to allow a DC characteristic output of one of the
inverters to be a DC characteristic input of the other of the
iverters. The SNM 1s defined as one side of a maximal square
inscribed in the buttertly curve.

This SNM has been subjected to future prospects in Lit-
crature 1 (A. J. Bhavnagarwala “The impact of intrinsic
device tluctuations on CMOS SRAM cell stability,” IEEE
Journal of Solid State Circuit, Vol. 36, No. 4, April 2001 (FIG
5, F1G. 10)). That 1s, a channel length of a used transistor 1s
reﬁned as shown 1n FIG. 3 and if the channel length of the
transistor shifts from 2350 nm to 50 nm, not only the SNM has
a decreased average value but also a deviation 1n the SNM
increases. Accordingly, remarkable deterioration occurs in a
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50 nm as shown, the worst value of the SNM becomes a value
less than “0” and, hence, stored data has a risk of being
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corrupted when read operation 1s executed and a word line
signal goes to a high voltage potential.

In the meanwhile, Literature 2 (H. Sakakibara, “A 7350
MHZ 144 Mb cache DRAM LSI with speed scalable design
and programmable at-speed function-array BIST,” IEEE
International Solid State Circuit Conference, 2003 (FIG. 1))
has proposed an SRAM with a read-only port. This SRAM
includes a memory cell comprised of eight transistors
wherein a bit line takes a full swing only with a cell current of
amemory cell. An original object of this system 1s to obtain an
operating speed improvement effect in case of advancing a
generation. Furthermore, since no flow of electric charge
occurs from the bit line to a data storage node inside a cell
during the read operation, no probability occurs for stored
data to be corrupted due to read operation 1n an 1ssue encoun-
tered by the related art SRAM 1n a future. Consequently, the
SRAM resulting from such a circuit configuration can per-
form not only a high-speed operation 1n an advanced genera-
tion but also stable operation.

As disclosed 1n Literature 1 stated above, with the related
art SRAM using six transistors, deterioration occurs 1n the
worst value of the SNM, causing a difficulty to occur 1n stable
data storage as a future possibility. In this respect, reference 1s
now made to FIGS. § and 6 in combination to describe a
mechanism why corruption of stored data occurs during the
read operation that would occur when the SNM has 1nsutifi-
cient value.

With a conventional cell, as a word line signal WL 1s
selected as shown 1 FIG. 6(A), a low voltage potential “0” of
a data storage node merely increases from a ground potential
to a slight extent as shown 1n FIG. 6(B) in case of a storage
node of the conventional cell. However, fluctuation occurs in
a threshold voltage of an NMOS (N-channel MOS) transistor
forming an 1verter adapted to be applied with that voltage
potential and 11 a remarkable drop occurs in the threshold
voltage, the NMOS transistor tends to be turned on and,
hence, an output of the nverter drops from a high voltage
potential “1”. This causes a voltage potential of the data
storage node to be mverted as shown 1n FIG. 6(C), causing
corruption of data to occur.

In the meanwhile, while no corruption of stored data
caused by read operation takes place 1n the SRAM cell with
the read-only port disclosed 1n Literature 2, an 1ssue arises in
a consequence of the eight transistors with the resultant need
for five control signals as a whole causing an increase in a
memory cell dimension.

The present invention has an issue to be addressed wherein
even 1f ultra-high speed operation or ultra-low voltage opera-
tion are needed, a need arises to provide the eight transistors
with a large number of control signals in order for structuring
a memory cell operative to prevent corruption of stored data
resulting from read operation and, therefore, a difficulty 1s
encountered in reducing a memory cell dimension.

DISCLOSURE OF INVENTION

The present invention has been completed with a view to
addressing the above 1ssues and has an object to provide a
static random access memory (SRAM) that even when
needed to operate at a ultra-speed with ultra-low voltage, can
be realized 1n a reduced memory cell dimension using a
memory cell composed of a minimum number of transistors
for preventing corruption of stored data caused during the
read operation.

According to the present invention, the memory cell of the
static random access memory (SRAM) comprises first and
second 1nverter circuits connected 1n loop to form a storage



US 7,532,536 B2

3

circuit and a storage control circuit serially connected to a
drive transistor of the second inverter circuit to be operative to
allow the first and second inverter circuits connected 1n loop
to form the storage circuit for statically storing data when the
memory cell 1s inactivated whereas when the memory cell 1s 3
activated, a loop connection of the first and second inverter
circuits 1s disconnected to dynamically store data. Dynami-
cally storing data during the activation of the memory cell
enables the prevention of corruption of data caused by read
operation. 10
Further, causing a second access transistor connected to an
output of the second 1nverter circuit to reset the output of the
second 1nverter circuit to a low voltage potential during write
operation allows the writ operation to be easily performed
whereby the memory cell can be constructed of a less number 15
of transistors with reduced number of control signals.
Furthermore, data transfer between a memory cell and a
sense amplifier 1s efficiently performed using a sense ampli-
fier applied with cell data from the memory cell through a
single bit line. The memory cells are placed 1n layout in an 20
L-shaped region and inverted in mirror such that a cell array
configuration has a vacant space 1n such a region. Separately
placing sense amplifiers 1n the vacant space enables a cell-
block to be formed in a small surface area in an efficient
mannet. 23

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 1s a view showing one example of a circuit structure
of an SRAM of the related art (Literature 1). 30
FIG. 2 1s an illustrative view of an SNM representing a
stable operation in the SRAM of the related art.

FIG. 3 1s an illustrative view of the SNM 1n terms of a
channel length of a transistor 1n the SRAM of the related art.

F1G. 4 is a view showing one example of a circuit structure -°
of an SRAM of the related art (Literature 2).

FI1G. 5 1s a circuitry illustrative view showing one example
of a mechanism on data corruption caused by read operation
of the SRAM of the related art.

FIGS. 6(A), (B) and (C) are illustrative views showing the *"
mechanism on data corruption caused by read operation of
the SRAM of the related art, with (A) showing read operation,
(B) showing usual example of a data storage node and (C)
showing a fluctuation existence example.

FIG. 7 1s a view showing a circuit structure of a memory
cell of an SRAM of a first embodiment.

FIGS. 8(A) and (B) are view showing one example of a
timing chart of reading “0”” and reading “1” 1n FIG. 7.

FIGS. 9(A) and (B) are view showing one example of a
timing chart of writing “0” and writing “1” 1n FIG. 7.

FIG. 10 1s a view showing a circuit structure of a memory
cell of an SRAM of a second embodiment.

FIGS. 11(A) and (B) are views showing a circuit structure
of a memory cell of an SRAM of a third embodiment.

FIGS. 12(A) to (D) are views showing one example of a
timing chart of the third embodiment.

FIGS. 13(A) to (D) are views showing another example of
a timing chart of the third embodiment.

FIGS. 14(A) and (B) show circuit structures ot sense .,
amplifiers SA11, SA12 of a fourth embodiment.

FIG. 15 1s an operation-timing chart for the sense amplifier
SA11 of the fourth embodiment.

FIGS. 16(A) and (B) show circuit structures ol sense
amplifiers SA11, SA12 of a fifth embodiment. 65

FIGS. 17 (A) to (D) are operation-timing charts for the
sense amplifier SA11 of the fifth embodiment.
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FIGS. 18(A) and (B) show circuit structures of sense
amplifiers SA11, SA12 of a sixth embodiment.

FIGS. 19(A) to (D) are operation-timing charts for the
sense amplifier SA11 of the sixth embodiment.

FIG. 20 1s a view showing a circuit structure of a sense
amplifier of a seventh embodiment.

FIGS. 21(A) to (D) are operation-timing charts for the
sense amplifier SA25 of the seventh embodiment.

FIGS. 22(A) and (B) show circuit structures of sense
amplifiers SA26, SA27 of an eighth embodiment.

FIGS. 23 (A) to (D) are operation-timing charts for the
sense amplifier SA26 of the eighth embodiment.

FIGS. 24(A) and (B) show circuit structures of sense
amplifiers SA31, SA32 of a ninth embodiment.

FIGS. 25(A) to (D) are operation-timing charts for the
sense amplifier of the ninth embodiment.

FIGS. 26 (A) to (C) show one example of an SRAM place-
ment layout of a tenth embodiment.

FIGS. 27 (A) and (B) show a modified form of the SRAM
placement layout of the tenth embodiment.

FIGS. 28 (A) and (B) show another modified form of the
SRAM placement layout of the tenth embodiment.

FIGS. 29 (A) and (B) show another modified form of the
SRAM placement layout of the tenth embodiment.

FIGS. 30 (A) to (D) show layouts of cellblocks.

FIG. 31 shows a layout of a sense amplifier SA11 of a
cellblock A of an eleventh embodiment.

FIG. 32 shows a layout of the sense amplifier SA21 of the
cellblock A.

FIG. 33 shows a layout of a sense amplifier SA23 of the
cellblock A.

FIG. 34 shows another layout of the sense amplifier SA23
of the cellblock A.

FIG. 35 shows a layout of the sense amplifier SA23 of a
cellblock B.

FIG. 36 shows another layout of a sense amplifier SA11 of
the cellblock A.

FIG. 37 shows a layout of a sense amplifier SA12 of the
cellblock A.

FIG. 38 shows a layout of a sense amplifier SA21 of the
cellblock A.

FIG. 39 shows a layout of a sense amplifier SA22 of the
cellblock A.

FIG. 40 shows a layout of the sense amplifier SA23 of the
cellblock B.

FIG. 41 shows a layout of a sense amplifier SA24 of the
cellblock B.

FIG. 42 shows a layout of a sense amplifier SA25 of the
cellblock B.

FIG. 43 shows another layout of a sense amplifier SA26 of
the cellblock A.

FIG. 44 shows a layout of a sense amplifier SA27 of the
cellblock A.

FIG. 45 shows a layout of a sense amplifier SA31 of the
cellblock A.

FIG. 46 shows a layout of a sense amplifier SA32 of the
cellblock A.

FIG. 47 shows a layout of a sense amplifier SA11 of a
cellblock C.

FIG. 48 shows a layout of the sense amplifier SA12 of the
cellblock A.
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FIGS. 49(A) to (C) show an overall outline of a semicon-
ductor memory device of a twelith embodiment.

FI1G. 50 shows a memory block structure.

FIG. 51 shows a circuit structure of a sub word driver.

BEST MODE FOR CARRYING OUT THE
INVENTION

Reference 1s made to the accompanying drawings to pro-
vide a detailed description of a circuit structure of a memory
cell and a related layout, a circuit structure of a sense amplifier
and a related layout, a circuit structure of a sub decoder and a
layout of a cellblock for realizing a semiconductor memory
device according to the present invention operative at an
ultra-high speed with ultra-low voltage.

First Embodiment

A first embodiment according to the present invention 1s
described with reference to FIGS. 7 to 9. FIG. 7 shows a
circuit structure representing an SRAM cell of a static ran-
dom memory of the first embodiment. FIG. 8 1s shown a
timing chart for read operation, (A) 1s shown the reading “0”
and (B) 1s shown the reading “1”. FIG. 9 1s shown a timing
chart for write operation, (A)1s shown the writing “0”” and (B)
1s shown writing “1”.

The RAM cell, shown 1 FIG. 7, 1s comprised of seven
transistors including a PMOS transistor P1 and an NMOS
transistor N1 by which a first CMOS 1nverter 1s formed, a
PMOS transistor P2 and an NMOS transistor N2 by which a
second CMOS 1nverter 1s formed, NMOS transistors N3 and
N4 playing a role as access means, and an NMOS transistor
N3 playing arole as a storage control means. Here, the PMOS
transistors P1, P2 form the iverter circuit to play a role as
load transistors and the NMOS transistors N1, N2 play a role
as drive transistors.

The first CMOS 1nverter 1s comprised of the PMOS tran-
sistor P1 and the NMOS transistor N1 and has an input
applied with data appearing at a data storage node V2 to
output data to a data storage node V1. The second CMOS
inverter 1s comprised of the PMOS transistor P2 and the
NMOS transistor N2 and has an input applied with data
appearing at the data storage node V1 to output data to the
data storage node V2. With the first and second inverter cir-
cuits, the respective PMOS transistors P1, P2 have sources
connected to a power supply voltage VDD and the NMOS
transistors N1, N2 have sources connected to a ground poten-
tial GND directly or via the NMOS transistor N5.

The NMOS transistor N3 1s connected to a bit line BL to
perform data access to the data storage node V1 using a word
line signal RWL. The NMOS ftransistor N4 has a drain, a
source and a gate connected to the data storage node V2, the
ground potential and a write word line signal WWL, respec-
tively, and resets the output node V2 of the second CMOS
inverter to a low voltage potential “0” using the write word
line signal WWL during write operation.

The NMOS transistor N5, playing a role as the storage
control means, 1s inserted between the second CMOS inverter
and the ground potential and has a source, a drain and a gate
connected to the source of the NMOS transistor N2, the
ground potential and an verted word line signal WLB,
respectively. When the memory cell 1s accessed using the
word line signal RWL, the inverted word line signal WLB
controls not to turn on the NMOS transistor N2.

Under a status where no memory cell 1s accessed, the
NMOS transistor N3 1s turned on to allow the first and second
CMOS mverters to be brought into loop connection to form a
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storage circuit in a static storage condition. With a status
when the memory cell 1s accessed, while the NMOS transistor
NS 1s turned off thereby disconnecting the second CMOS
inverter from the ground potential and the loop connection of
the first and second CMOS 1nverters 1s interrupted not to form
the storage circuit, the second CMOS inverter can be kept in
a status prior to disconnection during a short period of time 1n
which the memory cell 1s accessed. Such a storage condition
1s referred to as a dynamic storage. The storage control means
switches a data storage status over to a static storage status or
dynamic storage status.

Referring next to timing charts of read operation in FIG. 8,
the read operation 1s described. FIG. 8(A) represents the
reading “0”” and FIG. 8(B) represents the reading “1”. Here-
under, data “0” or “1”” of the memory cell are described below
as data states at the data storage node V1.

As shown 1n FIG. 8, during the read operation, the word
line signal RWL 1s set to a high voltage potential “1”” and the
inverted word line signal WLB 1s setto a low voltage potential
“0”. The write word line W WL 1s set to a low voltage potential
“0”.

In a case where the data storage node V1 shown 1n FIG.
8(A) takes a low voltage potential “0”” (while the data storage
node V2 takes the high voltage potential *“1”), the word line
inverted signal WLB 1s controlled to the low voltage potential
“0” and the NMOS transistor N5 1s turned off to allow the data
storage node V2 to dynamically store the high voltage poten-
tial “1”. Accordingly, with the NMOS transistor N1 remained
under a turn-on state, the high voltage potential “1”” of the bit
line BL 1s discharged to the low voltage potential “0”, thereby
causing the bit line to read the low voltage potential <0’ at the
data storage node V1. When this takes place, even if the data
storage node V1 temporarily raises from the low voltage
potential “0”, the data storage node V2 of the second CMOS
iverter 1s operative to continuously keep the high voltage
potential “1” whereby the bit line BL has a potential dis-
charged to a low voltage potential “0”. Accordingly, the read
operation can be performed with no corruption of stored data.

In the meanwhile, under a situation where the data storage
node V1, shown 1n FIG. 8B, lies at the high voltage potential
“1” (while the data storage node V2 lies at the low voltage
potential “0”), the storage control transistor 1s turned oif but
the data storage node V2 dynamically stores the low voltage
potential “0”. The NMOS transistor N1 remains under a turn-
ofl state and both the data storage node V1 and the bit line BL
remain at the high voltage potential *“1”, with the high voltage
potential “1”” at the data storage node V1 being read on the bit
line without causing the discharge operation at the bitline BL.
Consequently, no variation takes place 1n the potential of the
bit line BL and both the potentials of the data storage node V1
and the data storage node V2.

Next, reference 1s made to timing charts of FIG. 9 and
description 1s made of the write operation to be executed 1n
the SRAM cell. FIG. 9(A) shows the writing “0” and FIG.
9(B) shows the writing “1”.

As shown 1n FIG. 9, during write operation, the read opera-
tion mentioned above 1s controlled and, in addition thereto,
the write word line WWL 1s controlled. The word line signal
RWL is set to the high voltage potential *“1” and the imnverted
signal WLB 1s set to the low voltage potential “0” while the
data storage node V2 1s disconnected from the ground poten-
tial by the storage control transistor N5. Setting the write
word line WWL to the high voltage potential “1” only for a
time period shorter than that of the word line signal RWL
allows the output V2 of the second CMOS inverter to be reset
to the low voltage potential *“0”. The bit line BL 1s set to the
writing voltage potential “0” or *“1”.
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When a low voltage potential “0” 1s intended to be stored at
the data storage node V1 shown 1n FIG. 9(A), setting the bit
line BL to the low voltage potential “0” allows the data
storage node V1 to be set to the low voltage potential “0”,
causing the low voltage potential “0” to be written to the data
storage node V1. However, during a period in which the write
word line signal WWL lies at the high voltage potential “17,
the data storage node V2 lies at an intermediate level in
response to a current path between the transistors P2 and N4
and the transistor P1 1s slightly turned on and no complete low
voltage potential “0” 1s written to the data storage node V1.
Accordingly, the write word line signal WWL needs to con-
trol so as to allow a period with the high voltage potential *“1”
to be shorter than the word signal WL such that the data
storage node V2 rapidly takes the high voltage potential “1”.

Further, When a high voltage potential *“1” 1s intended to be
stored at the data storage node V1 shown in FIG. 9(B), the bit
line BL 1s caused to remain at the high voltage potential “1”
and the data storage node V1 and the word write line WWL
lies at the high voltage potential “1” while the data storage
node V2 1s reset to the low voltage potential “0” causing the
PMOS transistor P1, whose gate 1s applied with such an input,
to be turned on and the NMOS transistor N1 to be turned off.
Thus, the data storage node V1 takes the high voltage poten-
tial “1”” and a high voltage potential “1” 1s written to the data
storage node V1.

With the SRAM of the present embodiment, the memory
cell 1s comprised of a less number of elements including
seven transistors and four signal lines. The storage control
means switches a storage condition between a static storage
and a dynamic storage 1n which using the transistor N4 to
reset the second data storage node V2 to the low voltage
potential During write operation enables the prevention of
corruption of stored data during the read operation and the
realization of a memory cell, operative at an ultra high speed
and ultra low voltage, with a small number of component
clements and signal lines.

Second Embodiment

A second embodiment according to the present invention
will be described with reference to FIG. 10. FIG. 10 1s a view
showing a circuit structure of a memory cell of an SRAM of
the second embodiment according to the present invention.
The second embodiment corresponds to a case wherein a
connected position of the storage control transistor N5 1n the
memory cell of the SRAM of the first embodiment 1s altered
and has the same structure as that of the first embodiment 1n
other circuit structures. While with the first embodiment, the
storage control transistor N5 is mserted to the source side of
the drive transistor N2, the second embodiment allows the
storage control transistor N5 to be inserted to the drain side of
the drive transistor N2.

The SRAM cell of the second embodiment, shown 1n FIG.
10, 1s comprised of seven transistors including a PMOS tran-
sistor P1 and an NMOS transistor N1 by which a first CMOS

inverter 1s formed, a PMOS transistor P2 and an NMOS
transistor N2 by which a second CMOS inverter 1s formed, an
access transistor NMOS transistors N3 and N4, and a storage
control transistor NS.

The NMOS transistor N5, playing a role as a storage con-
trol means, 1s inserted between the PMOS transistor P2 and
the NMOS transistor N2 of the second CMOS inverter and
has a drain, a source and a gate connected to a data storage
node V2, a drain of the NMOS transistor N2 and an inverted
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word line signal WL B, respectively, performing control not to
turn on the NMOS transistor N2 when accessed using the
word line signal WLB.

Since the second embodiment corresponds to the case
wherein the connected position of the transistor NS 1n the
memory cell of the SRAM of'the first embodiment as set forth
above and has the same structure as that of the first embodi-
ment 1n other circuit structures while entirely having the same
function and operation as those of the first embodiment dis-
cussed above with reference to FIGS. 8 and 9, description of
the same 1s herein omitted.

With the SRAM of the second embodiment, the memory
cell 1s comprised of a less number of elements including
seven transistors and four signal lines. The storage control
means switches a storage condition between a static storage
and a dynamic storage 1in which using the transistor N4 to
reset the second data storage node V2 to the low voltage
potential During write operation enables the prevention of
corruption of stored data during the read operation and the
realization of a memory cell, operative at an ultra high speed
and ultra low voltage, with a small number of component
clements and signal lines.

Third Embodiment

A third embodiment according to the present invention 1s
described with reference to FIGS. 11 to 13. FIG. 11 1s a view
showing a circuit structure of a memory cell of an SRAM of
the third embodiment. FIG. 12 1s a time chart showing first
operation timings and FIG. 13 1s a time chart showing second
operation timings.

The SRAM cell, shown 1n FIG. 11(A), 1s comprised of
seven transistors including a PMOS transistor P1 and an
NMOS transistor N1 by which a first CMOS inverter 1s
formed, a PMOS transistor P2 and an NMOS transistor N2 by
which a second CMOS 1nverter 1s formed, NMOS transistors
N3 and N4 playing a role as an access means, and an NMOS

transistor N5 playing a role as a storage control means.
The first CMOS 1nverter 1s comprised of the PMOS tran-

sistor P1 and the NMOS transistor N1 and applied with data
appearing at the data storage node V2 as an iput, thereby
outputting data at a data storage node V1. The second CMOS
iverter 1s comprised of the PMOS transistor P2 and the
NMOS transistor N2 and applied with data at the data storage
node V1 as an input, thereby outputting data at the data
storage node V2.

An NMOS transistor N3 1s connected to aread bit line RBL
for executing data access to the data storage node V1 using the
word line signal RWL. An NMOS transistor N4 1s connected
to a write bit line WBL for executing data access to the data
storage node V2 using a write word line signal WWL.

An NMOS transistor N3, plying a role as a storage control
means, 1s 1nserted between the PMOS transistor P2 and the
NMOS ftransistor N2 to be applied with data at the data
storage node V1 as an input, thereby outputting data at the
data storage node V2 and has a drain, a source and a gate
connected to the drain of the PMOS transistor P2, the drain of
the NMOS transistor N2 and an inverted word line signal
WLB, thereby performing control not to turn on the NMOS
transistor N2 when the memory cell 1s accessed. That 1s,
under a situation where the memory cell 1s accessed, data
storage states of the first and second CMOS inverters are
switched from a static storage mode to a dynamic storage
mode, making 1t possible to prevent the corruption of cell data
during the read operation of data from the memory cell and
achieve high speed operation while enabling high speed
operation when writing data to the memory cell.
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The operations are described with reference to time charts
shown 1n FIGS. 12, 13. FIG. 12 1s a time chart showing the
first operation timings and FI1G. 13 1s a time chart showing the
second operation timings. FIG. 12 shows the time chart by
which the operation 1s performed by the access transistor N3
during the read operation and the operation 1s performed by
the two transistors N3, N4 During write operation and FIG. 13
shows the time chart by which the operation 1s performed by
the access transistor N3 during the read operation and the
operation 1s performed by the access transistor N4 during
write operation.

FI1G. 12 shows time charts for (A) reading “0”, (B) reading,
“17, (C) writing “0” and (D) writing “1”°, respectively. During
reading “0” 1n FIG. 12(A), the read word line signal RWL
takes the high voltage potential “1” to activate the access
transistor N3 and the write word line signal WWL remains
intact at the low voltage potential “0” with no activation of the
access transistor N4. With the read word line signal RWL
taking the high voltage potential “1”, the mverted word line
signal WL B takes the low voltage potential “0” to turn off the
storage control transistor N5.

The mverted word line signal WLB takes the low voltage
potential “0” to turn oif the storage control transistor N5 and
the data storage node V2 stores the high voltage potential *“1”
while the transistor N1 remains 1n a turn-on state and the read
bit line RBL shiits from a precharged level to the low voltage
potential “0”, thereby permitting the low voltage potential
“0” at the data storage node V1 to be read at the bit line
thereby performing the reading “0” from the memory cell.
Here, causing the storage control transistor N5 to be turned
off prevents a drop 1n the high voltage potential “1” at the data
storage node V2 due to leakage current from the transistor N2,
resulting 1n an advantageous effect of preventing data corrup-
tion during the read operation.

During the reading “1” 1mn FIG. 12(B), the read word line
signal RWL takes the high voltage potential “1” to activate the
access transistor N3 and the write word line signal WWL
remains intact at the low voltage potential “0” with no acti-
vation of the access transistor N4. With the read word line
signal RWL taking the high voltage potential “1”°, the inverted
word line signal WLB takes the low voltage potential “0” to
turn oif the storage control transistor N5.

While the mverted word line signal WLB takes the low
voltage potential “0” to turn oif the storage control transistor
N3, the data storage node V2 stores the low voltage potential
“0” during a short time interval in a reading period and the
read bit line RBL allows the high voltage potential “1” at the
data storage node V1 to be read at the bit line while keeping
the precharged level at the high voltage potential thereby
performing the reading “1” from the memory cell.

Although during a period in which the reading 1s executed,
the storage control transistor N5 1s turned oif to disconnect a
route path by which the data storage node V2 stores the low
voltage potential “0”, no 1ssue arises in operation because the
low voltage potential “0”” 1s dynamuically stored during a short
reading time period and after the reading time period has been
clapsed, the transistor N5 1s turned on to continuously store
data in the data storage node 1n a static manner.

During writing “0” 1n FIG. 12(C), the read word line signal
RWL and the write word line signal WWL take the high
voltage potential *“17, thereby activating the access transistors
N3 and N4. With the read word line signal RWL and the write
word line signal WWL taking the high voltage potential “17,
the mverted word line signal WLB takes the low voltage
potential “0” and the storage transistor NS 1s turned oif
whereby the read bit line RBL 1s applied with the low voltage
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potential “0” serving as write data and the write bit line WBL
1s applied with the high voltage potential “1”” as inverted data.

With the mverted word line signal WLB taking the low
voltage potential “0” to turn off the storage transistor NS, the
high voltage potential “1” at the write bit line WBL 1s 1nstan-
taneously written to the data storage node V2 and, 1n addition,
the transistor N1 1s turned on while the transistor P1 1s turned
oil, whereby the low voltage potential “0”” at the write bit line
RBL 1s mstantaneously written to the data storage node V1
and the writing “0” 1s performed 1n the memory cell.

During writing “1” 1n FIG. 12(D), the read word line signal
RWL and the write word line signal WWL take the high
voltage potential “1”, thereby activating the access transistors
N3 and N4. With the read word line signal RWL and the write
word line signal WWL taking the high voltage potential “17,
the mverted word line signal WLB takes the low voltage
potential “0” to turn oif the storage transistor N3 whereby the
read bit line RBL 1s applied with the high voltage potential
“1” as write data and the write bit line WBL 1s applied with the
low voltage potential “0” as mverted data.

Writing the low voltage potential “0” of the write bit line
WBL to the data storage node V2 and writing the high voltage
potential “1” of the read bit line RBL to the data storage node
V1 to turn off the transistor N1 and turn on and the transistor
P1 enables the writing “1” to be executed 1n the memory cell.

Next, description 1s made of (A) the reading “07, (B) the
reading “17, (C) the wnting “0” and (D) the writing “1”
shown 1n FIG. 13. FIG. 13 shows operation modes 1n which
the reading 1s executed using the access transistor N3 and the
writing 1s executed by the access transistor N4.

The time charts 1n (A) the reading “0” and (B) the writing
“1” shown 1n FI1G. 13 are 1identical to those of (A) the reading
“0” and (B) the reading “1”” 1n FIG. 12 to execute the opera-
tion 1n the same way and description of the same 1s herein
omitted.

During writing “0” i FIG. 13(C), the wrte word line
signal WWL takes the high voltage potential “1” to activate
the access transistor N4 and the read word line signal RWL
remains intact at the low voltage potential “0” with no acti-
vation of the access transistor N3. With the write word line
signal WWL taking the high voltage potential “17, the
inverted word line signal WLB takes the low voltage potential
“0” to turn off the storage control transistor NS, whereby the
write bit line WBL 1s applied with the high voltage potential
“1” that 1s the 1inversion of write data. The read bit line RBL
remains intact at the precharged level.

With the mverted word line signal WLB taking the low
voltage potential “0” to turn oif the storage control transistor
NS, the high voltage potential *“1” of the write bit line WBL 1s
instantaneously written to the data storage node V2, whereas
turning on the transistor N1 on and turning oif the transistor
P1 allows the low voltage potential “0” to be written to the
data storage node V1, thereby performing the writing “0”” 1n
the memory cell.

During writing “1” 1n FIG. 13(D), the write word line
signal WWL takes the high voltage potential *“1” to activate
the access transistor N4 and the read word line signal RWL
remains intact at the low voltage potential “0” with no acti-
vation of the access transistor N3. With the write word line
signal WWL taking the high voltage potential “17, the
inverted word line signal WLB takes the low voltage potential
“0” to turn oif the storage control transistor N5 and the low
voltage potential “0” representing the inversion of write data
1s applied to the write bit line WBL. The read bit line RBL
remains intact at the precharged level.

With the mverted word line signal WLB taking the low
voltage potential “0” to turn oif the storage control transistor
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N3, the low voltage potential “0” of the write bit line WBL 1s
written to the data storage node V2 and with the transistor N1
being turned oif while the transistor P1 1s turned on, the high
voltage potential “1” 1s written to the data storage node V1
and the writing “1” 1s performed 1n the memory cell.
Further, FIG. 11(B) shows a second structure of the
memory cell. In FIG. 11(B), the NMOS transistor N3 plays a
role as a storage control means and 1s mnserted between a
second CMOS 1nverter and a ground potential with a drain
connected a source of the transistor N2, a source connected to
the ground potential and a gate connected to the inverted word
line signal WL B. The storage control transistor N5 1s inserted

and connected to the drain of the drive transistor N2 of the
second CMOS mverter in FIG. 11(A) and mserted and con-

nected to the source 1n FIG. 11(B).

With the structure of the memory cell 1n FIG. 11(B), the
connecting position of the NMOS transistor N5 playing a role
as the storage control means 1s merely modified and the
operation 1s performed 1n the same time charts as those ol (A)
the reading “0”, (B) the reading “1”, (C) the writing “0” and
(D) the writing “1”” in FIGS. 12 and 13 and description of the
same 1s herein omitted.

An SRAM of the present embodiment 1s comprised of
seven transistors including first and second inverter circuits,
access transistors playing a role as two access means, and the
storage control transistor playing a role as a storage control
means. Inputting inverted data from the write bit line allows
the write word line signal to have the same pulse width as that
ol the read word line signal with a merit 1n simply controlling
a pulse width. Controllably switching the data storage control
means for a data storage state in static storage or dynamic
storage while executing the reading of data from the memory
cell using one of the access means and executing data writing
using the other one of the access means enables the realization
of an SRAM that can prevent the corruption of stored data
during the read operation and operate at an ultra high speed
and ultra low voltage.

Fourth Embodiment

A Tourth embodiment according to the present mvention
represents an embodiment related to a sense amplifier
adapted to exchange data to and from the memory cell. This
embodiment represents the sense amplifier to exchange data
to and from the memory cell using a single bit line. FIG.
14(A) shows a circuit structure of a sense amplifier SA11
adapted to achieve data transier to and from an input and
output circuit using a single data line DL and FIG. 14(B)
shows a circuit structure of a sense amplifier SA12 adapted to
achieve data transier to and from the mput and output circuit
using two lines of a read data line RDL and a write data line
WDL, and FIG. 15 shows time charts showing one mode of
operations of the sense amplifier SA11.

A circuit structure of the sense amplifier SA11 shown 1n
FIG. 14(A) 1s described. An inverter circuit 1s input with data
from a bit line BL connected to a memory cell and 1s com-
prised of a PMOS transistor P11 and an NMOS transistor
N11. An output BLB from the 1nverter 1s input to gates of a
PMOS transistor P12 and an NMOS ftransistor N12. The
PMOS transistor P12 has a source connected to a power
supply voltage VDD and a drain connected to the bit line BL
and plays arole as a bit line high level-maintaining transistor
that maintains the bit line at a high level when turned on. The
NMOS transistor N12 has a source connected to the ground
potential GND and a drain connected to a data line DL and
plays arole as a read transistor. The data line plays arole as a
signal line for exchanging data to and from the sense amplifier
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and an 1nput and output circuit or an mtermediate circuit and
1s referred to as a global data line.

Connected between the data line DL and the bit line BL 1s
a write NMOS transistor N13 that 1s input with a write signal
WE and a PMOS transistor P13 for precharging has a gate
input with a precharge signal PC, a source connected to a
power supply voltage VDD and a drain connected to the bit
line BL.

The sense amplifier 1s basically comprised of the inverter
circuit that allows data from the memory cell during the read
operation to be 1input from the bit line for transier to the data
line and a read transistor, and a write transistor that allows
data from the data line During write operation to be input to
the bit line for performing the writing to the memory cell. The
precharge transistor and the level-maintaining transistor take
a collateral structure for achieving further stable operation.
Here, the level-maintaining transistor P12 can be omitted

from the sense amplifiers of all the embodiments.
With the sense amplifier SA12 shown in FIG. 14(B), the

data line DL of the sense amplifier shown 1n FIG. 14(A) 1s
separated into and comprised of a write data line WDL and a
read data line RDL. The write data line WDL 1s connected to
the write transistor N13 and the read data line RDL 1s con-
nected to the read transistor N12. The sense amplifiers SA11
and SA12 differ from each other due to the structure of the
input and output circuit for exchanging data to and from the
sense amplifier or the structure of the intermediate circuit and
basic operations of the sense amplifiers are identical to each
other.

FIG. 15 shows time charts representing one mode of opera-
tions of the sense amplifier SA11 of the embodiment shown in
FIG. 14(A). Although no limitation 1s intended to the memory
cell that can be applied to the sense amplifier SA11, the one
mode of operations 1s described as applied to the memory cell
of the first or second embodiment.

(A) In case of reading “0”: by changing the precharge
signal PC to the ligh voltage potential “1”, the precharge
transistor P13 1s turned oif, completing the precharging to the
bit line BL. The read word line signal RWL for the memory
cell takes the high voltage potential “1” and the bit line BLL
reads out memory cell data “0” taking the low voltage poten-
tial “0”. Upon receipt of data from the bit line BL, the inverter
output BLB takes the high voltage potential ““1” to turn on the
read transistor N12 and the data line DL takes the low voltage
potential “0”, reading out cell data “0”. The read word line
signal RWL and the precharge signal PC are returned to the
low voltage potential “0” upon which the read operation 1s
terminated. During a reading time period, the write word line
signal WWL and the write signal WE remain intact at the low
voltage potential “0” with no change.

(B) In case of reading “1”: by changing the precharge
signal PC to the high voltage potential “1”, the precharge
transistor P13 1s turned oif, completing the precharging to the
bit line BL. The read word line signal RWL for the memory
cell takes the high voltage potential “1” and the bit line BLL
reads out memory cell data *“1”” taking the high voltage poten-
tial “1”. Upon receipt of data from the bit line BL, the inverter
output BLB takes the low voltage potential “0” to turn off the
read transistor N12 and, hence, the data line DL maintains the
high voltage potential *“1”, thereby reading out cell data <17,
The read word line signal RWL and the precharge signal PC
are returned to the low voltage potential “0” upon which the
read operation 1s completed. During the reading time period,
the write word line signal WWL and the write signal WE
remain intact at the low voltage potential “0”” with no change.

(C) In case of writing “0””: by changing the precharge signal
PC to the high voltage potential *“1”, the precharge transistor
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P13 is turned off, completing the precharging to the bit line
BL. The data line DL takes the low voltage potential “0”” and
the write signal WE takes the high voltage potential “1”
whereby the bit line BL takes the low voltage potential “0” via
the write transistor N13. The read word line signal RWL for
the memory cell and the write word line signal W WL take the
high voltage potential *“1”, thereby writing data “0” of the bit
line BL to the memory cell. With the write word line 81gnal
WWL taking the low voltage potential “0”, resulting 1n the
complete writing “0”. The read word line signal RWL, the
precharge signal PC and the write signal WE are returned to
the low voltage potential “0” and the data line DL and the bit
line BL are returned to the high voltage potential *“1”, com-
pleting the writing “0”.

(D) In case of writing “1”: by changing the precharge
signal PC to the high voltage potential “1”°, the precharge
transistor P13 1s turned oif, completing the precharging to the
bit line BL. The data line DL remains intact at the high voltage
potential “1”” and the write signal WE takes the high voltage
potential “1” whereby the bit line BL also maintains the high
voltage potential “1”” via the write transistor N13. The read
word line signal RWL for the memory cell and the write word
line signal WWL take the high voltage potential “1”, thereby
writing data “1” of the bit line BL to the memory cell. The
write word line signal WWL takes the low voltage potential
“0”, thereby writing a complete potential “1” to the memory
cell. The read word line signal RWL, the precharge signal PC
and the write signal WE are returned to the low voltage
potential “0”, completing the writing 1.

With the sense amplifier SA12 shown in FIG. 14(B), the
data line DL 1s divided into the read data line DL and the write
data line WDL to perform the same basic operation and
related operational description 1s herein omitted.

The sense amplifier of the present embodiment executes
data transier to and from the memory cell via the single bit
line. The sense amplifier 1s comprised of the inverter circuit
that 1s input with stored data from the memory cell via the bit
line, the read transistor for transierring an output of the
inverter circuit to the data line, the bit-line high-level-main-
taining transistor for maintaining the bit line at the high volt-
age potential when the inverter circuit output takes the low
voltage potential, the write transistor for transferring write
data to the bit line, and the precharge transistor precharging
the bit line at the high voltage potential when no memory cell
1s accessed.

Fitfth Embodiment

A fifth embodiment according to the present invention
represents an embodiment of a sense amplifier that performs
exchange of data to and from a memory cell through a read bit
line during data read operation and through the read bit line
and a write bit line during data write operation. FIG. 16(A)
shows a circuit structure of a sense amplifier SA21 that per-
forms data transfer to and from an input and output circuit
using two lines of a data line DL and an mverted write data
line WDLB and FIG. 16(B) shows a circuit structure of a
sense amplifier SA22 that performs data transfer to and from
an input and output circuit using three lines of a read data line
RDL., a write data line WDL and an inverted write data line
WDLB, with FIG. 17 showing time charts representing one
mode of operations of the sense amplifier SA21.

A circuit structure of the sense amplifier SA 21 shown 1n
FIG. 16(A) 1s described. An inverter circuit 1s input with data
through a read bit line RBL from a memory cell and 1s com-
prised of a PMOS transistor P11 and an NMOS transistor
N11. An output BLB from the 1nverter 1s input to gates of a
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PMOS transistor P12 and an NMOS transistor N12. The
PMOS ftransistor P12 plays a role as a bit-line high-level-
maintaining transistor that has a source connected to a power
supply voltage VDD and a drain connected to the read bit line
RBL for maintaining the read bit line RBL at a high level
when turned on. The NMOS transistor N12 plays a role as a
read transistor that has a source connected to the ground
potential GND and a drain connected to the data line DL.

Write NMOS transistors N13 and N14 are connected
between the data line DL and the read bit line RBL and
between the mverted write data line WDLB and the write bit
line WBL, respectively, which have gates applied with a write
signal WE. Further, the sense amplifier SA21 1s comprised of
a precharge PMOS transistor P14 having a gate input with the
write signal WE, a source connected to a power supply volt-
age VDD and a drain connected to the write bit line WBL, and
a precharge PMOS transistor P13 having a gate input with a
precharge signal PC, a source connected to the power supply
voltage VDD and a drain connected to the read bit line RBL.

With the sense amplifier SA 22 shown 1n FIG. 16(B), the
data line DL 1n the sense amplifier SA21 shown in FIG. 16(A)
1s divided 1into and comprised of a write data line WDL and a
read data line RDL. The write data line WDL and the read data
line RDL are connected to the write transistor N13 and the
read transistor N12, respectively. The sense amplifiers SA21
and SA22 differ from each other because of the structure of
the input and output circuit and the structure of the interme-
diate circuit and the sense amplifiers execute the same basic
operations.

FI1G. 17 shows time charts showing one mode of operations
of the sense amplifier SA21. Although the memory cell appli-
cable to the sense amplifier SA21 1s not limited, the one mode
of operation 1s described as a case as applied to the memory
cell of the third embodiment.

With respectto (A) reading “0” and (B) reading “1” in FIG.
17, during a reading time period, the write word line signal
WWL and the write signal WE remain intact at the low
voltage potential “0” and the inverted write data line WDLB
remains unchanged at the high voltage potential *“1”. Accord-
ingly, the sense amplifier SA21 performs the same operation
as the sense amplifier SA 11 upon merely paraphrasing the bit
line BL to the read bit line RBL. Detailed description of the
same 1s herein omitted.

(C) In case of writing “0”’: by changing the precharge signal
PC and the write signal WE to the high voltage potential “1”,
the precharge transistors P13 and P14 are turned off complet-
ing the precharging to the read bit line RBL and the write bat
line WBL. The data line DL takes the low voltage potential
“0” and the mverted write data line WDLB takes the high
voltage potential *“1” while the write signal WE takes the high
voltage potential “1” upon which the read bit line RBL takes
the low voltage potential “0”” and the write bit line WBL takes
the high voltage potential “1”” via the transistors N13 and N14,
respectively. The read word line signal RWL for the memory
cell and the write word line signal WWL take the high voltage
potential “1” writing data “0” to the memory cell. The read
word line RWL, the write word line signal WWL, the pre-
charge signal PC and the write signal WE are returned to the
low voltage potential “0” while the data line DL and the read
bit line RBL are returned to the ligh voltage potential “1”
completing the writing “0”.

(D) In case of writing “1”: by changing the precharge
signal PC and the write signal WE to the high voltage poten-
tial “1”, the precharge transistors P13 and P14 are turned oif
completing the precharging to the read bit line RBL and the
write bit line WBL. The data line DL takes the high voltage
potential *“1” and the inverted write data line WDLB take the
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low voltage potential “0” while the write signal WE takes the
high voltage potential *“1”” upon which the read bit line RBL
takes the high voltage potential “1”” and the write bit line WBL
takes the low voltage potential “0” via the transistors N13 and
N14, respectively. The read word line signal RWL for the
memory cell and the write word line signal WWL take the
high voltage potential *“1” writing data “1” to the memory
cell. The read word line signal RWL, the write word line
signal WWL, the precharge signal PC and the write signal WE
are returned to the low voltage potential “0” while the inverted
write data line WDLB and the write bit line WBL are returned
to the high voltage potential *“1” completing the writing <17,
The sense amplifier of the present embodiment executes
data transier to and from the memory cell via the single bit
line during the read operation and the double lines including
the reading line and the writing line during write operation.
The sense amplifier 1s comprised of the mverter circuit input
with stored data of the memory cell via the bit line, the read
transistor for transierring an output of the inverter circuit to
the data line, the bit-line high-level-maintaining transistor for
maintaining the bit line at the high voltage potential when the
inverter circuit output takes the low voltage potential, the
write transistor for transferring write data to the read bit line
and the write bit line, and the precharge transistor precharging
the read bit line and the write bit line at the hlgh voltage
potential, respectively, when these bit lines are ineffective.

Sixth Embodiment

A sixth embodiment according to the present invention
represents a sense amplifier that includes a further improve-
ment of the sense amplifier of the fifth embodiment set forth
above. This embodiment has a feature in that the precharge
transistor for the write bit line 1s removed from the sense
amplifier of the fifth embodiment and a write bit line 1s con-
nected to an output of an inverter circuit for a read bit line.

FIG. 18(A) shows a circuit structural view of a sense ampli-
fier SA23 arranged to execute data transfer to and from an
input and output circuit using double lines 1including a data
line DL and an inverted write data line WDLB and FIG. 18(B)
shows a circuit structural view of a sense amplifier SA24
arranged to execute data transier to and from an mmput and
output circuit using three lines including a read data line
RDL., a write data line WDL and an inverted write data line
WDLB, with FIG. 19 showing time charts representing one
mode of operations of the sense amplifier SA23.

The sense amplifier SA23 shown in FIG. 18(A) has a
circuit structure different from that of the sense amplifier
SA21 mentioned above 1n that the write bit line precharge
transistor P14 connected to the write bit line WBL 1s deleted
and the write bite line WBL 1s connected to the output of the
inverter circuit to allow the inverter circuit to perform the
precharging. Accordingly, the write bit line WBL has a pre-
charge level at the low voltage potential “0”. Other circuit
structure 1s similar to that of the sense amplifier SA21 and no
detailed description of the same 1s given. The sense amplifier
SA24 shown 1n FIG. 18(B) 1s merely different 1n structure
from the sense amplifier SA23 1n that the data line DL 1s
separated into a read data line RDL and a write data line WDL
and similar 1n other structure and operation as those of the
sense amplifier SA23.

The operation of the sense amplifier SA23 1s described.
The operations on (A) the reading “0” and (B) the reading “1”
in FIG. 19 are executed in the same manner as those of the
sense amplifier SA21 upon merely paraphrasing the inverter
circuit output BLB 1n the sense amplifier SA 21 to the write

bit line WBL 1n the sense amplifier SA23. Likewise, the
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operations on (C) the writing “0” and (D) the writing “1”” 1n
FIG. 19 are executed 1n the same manner as those of the sense
amplifier SA21 except for a point in that the precharge level of
the write bit lie WBL takes the low voltage potential “0”.
Detailed description of the same 1s herein omaitted.

Seventh Embodiment

A seventh embodiment according to the present invention
represents a sense amplifier that includes a further improve-
ment of the sense amplifier SA24 of the sixth embodiment set
forth above. This embodiment has a feature in that an mput
means for write data to be written to the write bit line 1s
improved.

A sense amplifier SA25 shown 1n FIG. 20 1s different in a
circuit structure from the sense amplifier SA24 1n respect of
an improved method 1n which the write transistor N14 per-
forms the writing to the write data line WDL. The write
transistor N14 has a source connected the ground potential
GND and a gate connected to the write data line WDL
whereby turning the write transistor on or ol depending on a
signal level of the write data line WDL allows the writing to
the write bit line WBL to be performed.

An mverter circuit 1s input with cell data via the read bit line
RBL from the memory cell and comprised of a PMOS tran-
sistor P11 and an NMOS transistor N11. An output of the
inverter circuit 1s output to the write bit line WBL and gates of
the PMOS transistor P12 and the NMOS transistor N12. The
PMOS transistor P12 plays a role as a bit-line high-level-
maintaining transistor and has a source connected to the
power supply voltage VDD and a drain connected to the read
bit line RBL to maintain the read bit line RBL at a high level
when turned on. The NMOS transistor N12 plays a role as a
read transistor and has a source connected to the ground
potential GND and a drain connected to the read data line
RDL.

Connected between the write data line WDL and the read
bit line RBL 1s a write NMOS transistor N13 that has a gate
input with a write signal WE. Further, the write transistor N14
has a gate mput with the write data line WDL, a source
connected to the ground potential GND and a drain connected
to the write bit line WBL. A precharge transistor P13 has a
gate mput with a precharge signal PC, a source connected to
the power supply voltage VDD and a drain connected to the

read bit line RBL..

The operation of the sense amplifier SA25 1s described
with reference to FIG. 21. During operation in reading “0” in
FIG. 21 (A): by changing the precharge signal PC to the high
voltage potential “1”°, the precharge transistor P13 1s turned
off completing the precharging to the read bit line RBL. The
write data line WDL lies at the low voltage potential “0”,
turning oil the write transistor N14. The read word line signal
RWL for the memory cell takes the high voltage potential “1”
and the read bit line RBL reads out memory cell data “0”. The
write bit line WBL connected to the output of the mverter
circuit takes the high voltage potential “1”” 1n response to data
of the read bit line RBL to turn on the read transistor N12 1n
response to data of the read bit line RBL whereby the read
data line RDL takes the low voltage potential thereby reading
out cell data “0”. The read word line signal RWL and the
precharge signal PC take the low voltage potential and the
write data line WDL 1s returned to the high voltage potential
“1”, thereby completing the reading. During a time period 1n
the reading, the write word line signal WWL and the write
signal WE remain unchanged at the low voltage potential “0”.

(B) In case of reading “1”: by changing the precharge
signal PC to the high voltage potential “1”, the precharge
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transistor P13 1s turned off completing the precharging to the
read bit line RBL. The write data line WDL 1s set to the low
voltage potential “0”, turning off the write transistor N14. The
read word line signal RWL for the memory cell takes the high
voltage potential “1” permitting the read bit line RBL to read
out memory cell data *“1”. The write bit line WBL connected
to the output of the inverter circuit takes the low voltage
potential “0” in response to data of the read bit line RBL and
the read transistor N12 remains turned oif while the read data
line RDL 1s maintained at the high voltage potential thereby
reading out cell data “1””. The read word line signal RWL and
the precharge signal PC are returned to the low voltage poten-
tial “0” and the write data line WDL 1s returned to the high
voltage potential “1”, thereby completing the reading.

(C) Incase of writing “0”: by changing the precharge signal
PC to the high Voltage potential “1”°, the precharge transistor
P13 1s turned oif completing the prechargmg to the bit line
BL. The write data line WDVL 1s set to the low voltage poten-
tial “0”, turning oif the write transistor N14. The write data
line signal WDL 1s set to the low voltage potential “0” and the
write signal WE 1s set to the high voltage potential “1”
whereby the read bit line RBL takes the low voltage potential
via the write transistor N13 upon which the write bit line
WBL takes the high voltage potential *“1”. The read word line
signal RWL for the memory cell and the write word line
signal WWL take the high voltage potential *“1”, thereby
writing data “0” of the read bit line signal RBL to the memory
cell. The read word line signal RWL, the write word line
signal WWL, the precharge signal PC and the write signal WE
are returned to the low voltage potential “0” and the writ data
signal RDL 1s returned to the high voltage potential “17,
thereby completing the writing “0”.

(D) In case of writing “1”: by changing the precharge
signal PC to the ligh voltage potential “1”, the precharge
transistor P13 1s turned off completing the precharging to the
bit line BL. Setting the write signal WE to the high voltage
potential while permitting the write data line WDL to remain
intact at the high voltage potential “1” allows the read bit line
signal RBL to take the high Voltage potential “1”” via the write
transistor N13, thereby causing the write bit line WBL to take
the low voltage potential “0”. The read word line signal RWL
for the memory cell and the write word line signal WWL take
the high voltage potential *“1”, thereby writing data “1” of the
read bit line signal RBL to the memory cell. The read word
line signal RWL, the write word line signal WWL, the pre-
charge signal PC and the write signal WE are returned to the
low voltage potential <0, thereby completing the writing “1”.

Eighth F

Embodiment

An eighth embodiment according to the present invention

represents simplified embodiments of the sense amplifiers

SA21 and SA22 of the fifth embodiment and has a feature 1n
that the write bit line WBL and the inverted write data line are
directly connected to each other. FIG. 22(A) shows a circuit
structural view of a sense amplifier SA26 and FIG. 22(B)
shows a circuit structural view of a sense amplifier SA27,
with FIG. 23 showing time charts illustrating one mode of
operations of the sense amplifier SA26.

Description 1s made of the circuit structures of (A) the
sense amplifier SA26 and (B) the sense amplifier SA27

shown 1n F1G. 22. Comparing the circuit structures of (A) the
sense amplifier SA26 and (B) the sense amplifier SA27

shown 1n FIG. 22 to the circuit structures of (A) the sense
amplifier SA21 and (B) the sense amplifier SA22 shown 1n
FI1G. 16, both are different from each other 1n that the tran-
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21 and SA22 and the 1inverted write data line WDLB and the
write bit line WBL are directly connected to each other while
the other circuit structures are 1dentical to each other.

Further, the time charts representing the operation of the
sense amplifier SA26 shown in FIG. 23 are 1identical to that of
the sense amplifier SA21 shown i FIG. 17 and the same
operations are executed, with description of the same being
herein omitted.

Ninth Embodiment

A ninth embodiment according to the present invention
represents a simplified embodiment of the sense amplifier
SA22 of the fifth embodiment. The sense amplifier SA22 has
a feature in that the write transistors for the write bit line WBL
and the read bit line RBL are deleted and the writing 1s
executed using the mnverted write data line WDLB. FIG.
24(A) shows a circuit structural view of a sense amplifier
SA31 and FIG. 24(B) shows a circuit structural view of a
sense amplifier SA32, with FIG. 25 showing time charts
illustrating one mode of operations of the sense amplifiers
SA31 and SA32.

Description 1s made of the circuit structures of (A) the
sense amplifier SA31 and (B) the sense amplifier SA32
shown 1n F1G. 24. Comparing the circuit structure of the sense
amplifier SA31 shown in FIG. 24(A) to the sense amplifier
SA22 shown i FIG. 16(B), the sense amplifier SA31
includes a circuit 1n which the write data line WDL and the
write transistor N13 are removed from the sense amplifier
SA22. Further, the sense amplifier SA 32 shown in FIG.
24(B) corresponds to a structure wherein the transistors P14
and N14 are removed from the sense amplifier SA31 and the
inverted write data line WDLB and the write bit line WBL are
directly connected to each other, while the other circuit struc-
tures are 1dentical to each other. Accordingly, the sense ampli-
fiers SA31 to SA32 operate on the same time charts.

The operations of the sense amplifiers SA31 and SA32
shown in FIG. 25 are described. (A) In case of reading “0”’: by
changing the precharge signal PC to the high voltage potential
“17, the precharge transistor P13 1s turned off completing the
precharging to the read bit line RBL. The read word line
signal RWL for the memory cell takes the high voltage poten-
tial “1” and the read bit line RBL reads out memory cell data
“07, taking the low voltage potential “0”. The inverter output
BLB takes the high voltage potential “1” due to data of the
read bit line RBL to turn on the read transistor N12 upon
which the read data line RDL takes the low voltage potential
“07, thereby reading cell data “0””. The read word line signal
RWL and the precharge signal PC are returned to the low
voltage potential “0” thereby completing the reading. During
the reading time period, the write word line signal WWL and
the write signal WE remain unchanged at the low voltage
potential “0”.

(B) In case of reading “1”: by changing the precharge
signal PC to the high voltage potential *“1”°, the precharge
transistor P13 1s turned oif completing the precharging to the
read bit line RBL. The read word line signal RWL for the
memory cell takes the high voltage potential “1” and the read
bit line RBL reads out memory cell data “1”, taking the high
voltage potential “1”. The 1nverter output BLB takes the low
voltage potential “0”” due to data of the read bit line RBL to
cause the read transistor N12 to remain turned oif while
causing the read data line RDL to remain intact at the high
voltage potential *“1”, thereby reading cell data “1”. The read
word line signal RWL and the precharge signal PC are
returned to the low voltage potential “0” thereby completing
the reading.
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(C) In case of writing “0”: by changing the write signal WE
to the high voltage potential “1”, the precharge transistor P14
1s turned oif completing the precharging to the write bit line
WBL. The write signal WE takes the high voltage potential
“1” and the voltage potential “1” of the mverted write data 5
line WDLB 1s transierred via the write transistor N14 to the
write bit line WBL. The write word line signal WWL for the
memory takes the high voltage potential “1” to allow data *“1”
of the write bit line WBL to be written to the second data
memory ol the memory cell, thereby writing “0” to the first 10
data storage node. The write signal WE 1s returned to the low
voltage potential “0” completing the writing “0”.

(D) In case of writing “1””: by changing the write signal WE
to the high voltage potential *“1”, the precharge transistor P14
1s turned off completing the precharging to the write bit line 15
WBL. The write signal WE takes the high voltage potential
“1” and the low voltage potential “0” of the inverted write data
line WDLB 1s transierred via the write transistor N14 to the
write bit line WBL that in turn takes the low voltage potential
“0”. The write word line signal WWL for the memory cell 20
takes the high voltage potential “1” to allow data “0” of the
write bit line WBL to be written to the second data storage
node of the memory cell, thereby writing “1” to the first data
storage node. The write word line signal WWL and the write
signal WE are returned to the low voltage potential “0” com- 25
pleting the writing “1”.

With the above, the various memory cells and the sense
amplifiers forming the semiconductor memory device have
been described. Then, description 1s made of a layout for
realizing a semiconductor memory device employing these 30
component elements.

Tenth Embodiment

With a tenth embodiment according to the present mven- 35
tion, one embodiment of a layout of an SRAM cell 1s shown
as a layout of a semiconductor memory device. FIG. 26 shows
a layout of one cell component of the SRAM cell (FIG. 10)
employed in the second embodiment, FIG. 27, a layout of one
cell component of the SRAM cell (FIG. 11(A)) employed 1n 40
the third embodiment, FIG. 28, a layout of two cell compo-
nents of the SRAM cell (FIG. 10) employed in the second
embodiment, and FIG. 29, a layout of two cell components of
the SRAM cell (FIG. 11(A)) employed 1n the third embodi-
ment. Further, FIGS. 30(A), (B), (C), (D) show embodiments 45
of cell arrays each having memory cells disposed 1n a matrix.

Description 1s made with reference to FIG. 26. Since the
SRAM 1s structured of a CMOS and has P well regions
tformed with NMOS transistors and an N well region formed
with PMOS transistors. Since the SRAM cell of the present 50
invention 1s comprised of two PMOS ftransistors and five
NMOS transistors, the SRAM cell has a central area forthe N
well region and both sides for the P well regions with one of
the P well regions taking an increased height to form an
L-shaped configuration as one cell as shown FIG. 26 (A). 55
FIG. 26 (B) shows a schematic element layout and (C) shows
signal lines and power supply lines.

The NMOS transistors N4, N5 and N2 are disposed in the
left-side P well region and the PMOS transistors P1, P2 are
disposed in the central N well region while the NMOS tran- 60
sistors N1, N3 are disposed in the right-side P well region. In
FIG. 268, wiring related to the data storage nodes V1 and V2
forming wiring inside the cell are completed 1nside the cell
and designated by solid lines, with resulting junctions being
designated 1n black circles. 65

Black circles 1n FIG. 26(C) designate connection points in
the form of contacts or through-holes through for taking
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signal lines or power supply lines into the SRAM cell. The
signal lines or the power supply lines are connected to the cell
at boundary areas of the SRAM cell. The word line signal
RWL, the write word line si gnal WWL and the inverted word
line signal are wired 1n an X-axis direction. The bit line, input
to the drain or source of the transistor, and the power supply
line are wired 1n a Y-axis direction. The power supply voltage
VDD and the ground potential are terminated at a boundary of
a side that 1s discontinuous with a low height of the L-shaped
configuration of the cell area.

FI1G. 27 shows alayout of one cell component ol the SRAM
(FIG. 11(A)) employed 1n the third embodiment, with (A)
showing a schematic element layout and (B) showing signal
lines and power supply lines. This layout differs from that of
FIG. 26 1n that a write bit line 1s further added and both are
similar 1n other layout with description of the same being
herein omitted.

FIGS. 28 and 29 show a layout of an SRAM cell on which
two cell components are stacked. With the layout for the two
cell components, one cell component 1s stacked on the other
in layout under an inverted condition. Accordingly, these
drawing figures show an upper stage contoured 1n the layout
mentioned above and the cell components on a lower stage
contoured 1n a mirror placement at a boundary. Further, 1n
order to introduce inverted word line signals WLB for the two
cells in common as a single signal line, the drive transistor N2
ol the second inverter and the storage control transistor N5 are
altered 1n position. However, the common standardization of
the mverted word line signal WL B and the change in position
between the drive transistor N2 and the storage control tran-
sistor N3 may not be executed. Other structures such as (A) a
schematic element layout and (B) signal lines and a power
supply line are arranged 1n the layout as shown 1n the drawing
figures.

FIG. 30 shows layouts 1n which plural memory cells are
disposed. FIGS. 30(A), (B) show cellblocks A, B 1n 2x8 bits
arranged 1n two bits 1n a direction X and 8 bits 1n a direction
Y and FIGS. 30(C), (D) show cellblocks C, D 1n 2x16 bits
arranged 1n two bits 1n the direction X and 2x8 bits 1n the
directionY. The cellblock A of FIG. 30(A) represents a layout
ol a cellblock 1n which the memory cells shown 1n FIG. 26 or
FIG. 27 are inverted 1n mirror in three directions, respectively,
to allow four pieces of these memory cells to be stacked to
form a 2x8 bit structure, with the cellblock having a terminal
end that forms a continuous side on a bottom of an L-shaped
configuration of the memory cells. The cellblock B of FIG.
30(B) represents a modified form of the cellblock sown 1n
FIG. 30(A) and ditffers therefrom 1n that the cellblock formed
in the layout of the 2x8 bit structure has a terminal end
forming a discontinuous side of the L-shaped configurations
of the memory cells.

Furthermore, FIGS. 30(C), (D) show cellblocks 1n which
the memory cells shown 1n FIG. 28 or FI1G. 29 are inverted in
mirror 1n three directions, respectively, to allow four pieces of
the memory cells to be stacked 1nto 2x16 bit structures, with
(C) showing a layout of the cellblock C whose terminal end 1s
formed to be continuous and (D) showing a layout of the
cellblock D whose terminal end 1s formed to be discontinu-
ous. Here, with the memory cells inverted 1n mirror, the
resulting central area has a space providing a vacant area with
no placement of cell elements to cause the cells to be discon-
tinuous in layout. A side of this space has an area on which the
power supply voltage VDD and the ground potential GND are
terminally ended.

The cell layout of the present invention 1s arranged 1n an
L-shaped region and has a cell boundary region in which the
signal lines and power supply lines are located. Additionally,
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the power supply line VDD and the ground potential are
terminated at a boundary between the discontinuous sides
with reduced heights of the L-shape configurations of the
memory cells. Locating these memory cells 1n layout enables
the realization of a semiconductor memory device that can be
operated at a high speed and an ultra low voltage.

Eleventh Embodiment

With an eleventh embodiment of the present invention, one
embodiment of a layout of a sense amplifier 1s shown as a
layout for a semiconductor memory device. The sense ampli-
fier of the present invention 1s disposed 1n an area between the
memory cells located in mirror. FIGS. 31 to 48 show embodi-
ments.

FIG. 31 shows a layout of the sense amplifier SA11 placed
in the cellblock A, FIG. 32, a layout of the sense amplifier
SA21 placed 1n the cellblock A, FIG. 33, a layout of the sense
amplifier SA23 placed 1n the cellblock A, FI1G. 34, a layout of
the sense amplifier SA23 placed 1n the cellblock A, and FIG.
35, a layout of the sense amplifier SA23 placed 1n the cell-
block B.

In FIG. 31, the cellblock A has a placement layout that
includes 8-bit memory cells 1n an area from left to right for
which the sense amplifiers SA11 are disposed one by one,
respectively. However, for the layout, not only the sense
amplifiers are separately placed in left and right spaces,
respectively, but also the layout includes an upper area of the
space of the cell block to be allocated to a layout area for the
right-side sense amplifiers and a lower area of the space of the
cell block to be allocated to a layout area of the left-side sense
amplifiers. In such a way, using the space of the associated
cell area of the cellblock enables wiring inside the sense
amplifiers to be accommodated within a single space. In order
to decrease the number of wiring for the sense amplifiers,
clements having common connected nodes are disposed 1n
proximate to each other. Units located in different spaces can
be replaceable. The transistor N13 1s not shown and placed in
layout 1 upper and lower portions of the transistor N13 that
1s not shown.

A Teature of this layout resides 1n that the layout 1s made on
the space of the adjacent cell area and the inverter circuit
output BLB forming a signal of the sense amplifier 1s wired 1n
the adjacent cell area. A part of a wiring for the ground
potential GND 1s used as a wiring of the signal BLB while the
ground potential has wiring formed 1n a plurality of wiring
layers that are connected to each other.

In FIG. 32, the transistors related to the write bit line WBL
are added 1n comparison to the sense amplifier SA11 and
placed 1n layout in upper and lower areas of the cellblock.

In alayout of F1G. 33, also, the transistors N13, N14 are not
shown and similarly placed in the upper and lower areas of the
cellblock 1n layout, respectively. With the layout of FIG. 34,
the transistors forming the mverter circuit are disposed 1n the
same space and placing precharge signals in the same space
enables the number of precharge signal wiring leads by one
line. Moreover, FIG. 35 shows an embodiment in which the
sense amplifier SA23 1s placed in layout 1n the cellblock B
whose terminal end 1s made discontinuous. The transistors
N13, N14, not shown, are similarly placed 1n the upper and
lower areas of the cellblock 1n layout, respectively, and con-
nected to a diffusion layer through the write word line signal
WBL when locating the transistor N14 for reduction 1n a
memory cell dimension.

Further, FIGS. 36 to 48 show embodiments of memory
cellblocks and layout examples of sense amplifiers disposed
for these memory cells. Moreover, FIGS. 47, 48 show layouts
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of sense amplifiers SA11, SA12 for the 2x8 bit structure of the
cellblock C. Accordingly, this layout shows an embodiment
including a single sense amplifier for the 16-bit.

With the layout according to the present invention, the
clements forming the sense amplifiers are split for placement
in layout in the spaces 1nside the cellblock so as to allow the
wiring layers to be disposed 1n the adjacent memory cell area.

Twelfth Embodiment

A twellth embodiment of the present invention is related to
a semiconductor memory device in which a block including a
plurality of cellblocks and sub decoders 1s located. FIG. 49
shows overall semiconductor memory device, FIG. 50,
blocks and FIG. 51, a sub word circuit structure.

The semiconductor memory device shown in FIG. 49
includes a memory 1n an 8xMxIN wordx8-bit structure. The
memory 1s comprised of a control block that generates inter-
nal control signals in response to control signals applied
through an 1nput and output circuit that 1s not shown, a main
word driver, a Y-decoder and data 10 circuit and a memory
cell array (FIG. 49(A)). With the memory cell array, an array
of an 8xMxN wordx8-bit structure shown in FIG. 49(B) 1s
turther comprised of a plurality of 8-wordx8-bit blocks. The
8-wordx8-bit block shown 1n FIG. 49(C) includes a sub word

driver 1n 8 words and four 8-wordx2-bit cellblocks.

As shown in FIG. 50(A), the block includes sub word
drivers for selecting any word line from among 8 words and a
memory block i 8x8 bits. Further, FIG. 50 (B) shows a
16-word structure. Here, the cellblock for the 8-wordx2-bit
structure adopts the cellblocks (A) or (B) described above and
the cellblock for the 16-wordx2-bit structure adopts the cell-
blocks (C) or (D) described above.

The sub word driver SWD 1s comprised of a two-input
NOR circuit that 1s input with main word signals including an
inverted word line signal WLB and an inverted read block
selection signal RPB, an mverted word line signal WLB and
an mverted write block selection signal WPB, with a word
line being selected 1in case where an input takes a low voltage
potential “0”.

A sub word driver SWD2 1ncludes two read lines and two
write word lines. The sub word driver SWD2 includes two
sets of two-1mnput NOR circuits that are input with main word
signals including an mverted word line signal WLB and an
inverted read block selection signal RPB (with *“1” or ©“0”), an
inverted word line signal WLB and an mverted write block
selection signal WPB (with “1” or “0), with a word line
being selected in case of an input with a low voltage potential
“0”.

FIG. 51 shows a circuit structure of one embodiment of the
sub word driver. The reading sub word driver 1s input with an
inverted word line signal WLB as a main word signal, a read
block selection signal RP and an inverted read block selection
signal RPB. The mverter circuit 1s comprised of a PMOS
transistor P1 and an NMOS ftransistor N1 1s mput with an
inverted word line signal WL B and the load transistor P1 has
a source to which a read block selection RP 1s applied.

The drive transistor N1 ha a source connected to the ground
potential GND and a read word line signal RWL 1s output
from drains of the transistors P1, N1. Moreover, the inverter
has an output to which the drain of the NMOS transistor N2 1s
connected and the NMOS transistor N2 has a source con-
nected to the ground potential GND and a gate to which the
inverted read block selection RPB 1s input (as shown 1n FIG.
51). With this circuit structure, the two-input NOR circuit 1s
comprised of three transistors, whereby a read word line
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signal RWL 1s selected when the inverted word line signal
WLB and the inverted read block selection signal RPB take
the low voltage potential.

The write sub word driver 1s input with the mverted word
line signal WLB, playing a role as the main word signal, the
write block selection signal WP and the inverted write word
selection signal WPB. The mverter circuit 1s comprised of the
PMOS transistor P2 and the NMOS transistor N3 1s input with
the imverted word line signal WL B, playing a role as the main
word signal, and the source of the load transistor P2 1s input
with the write block selection signal WP.

The drive transistor N3 has a source connected to the
ground potential GND and a write word line signal WWL 1s
output from drains of the transistors P2, N3. Additionally, the
iverter has an output connected to a drain of the NMOS
transistor N4 that has a source connected to the ground poten-
t1al GND and a gate to which the inverted write word selection
signal WPB 1s 1nput.

With this circuit structure, the two-mnput NOR circuit 1s
comprised of three transistors, whereby a write word line
signal WWL 1s selected when the mverted word line signal
WLB and the mnverted write block selection signal WPB take
the low voltage potential and the write block selection signal
WP takes the high voltage potential.

The sub word driver circuit 1s comprised of the NOR gate
composed of the three transistors that are imnput with the main
word signal, the block selection signal and the inverted block
signal. Further, the semiconductor memory device of the
present invention 1s comprised the sub word driver circuits, or
the sense amplifier or the memory cells and can operate at a
high speed and an ultra low voltage.

With the above, the embodiments of the present invention
have been described above 1n detail, detailed structures may
not be limited to these embodiments and may be mvolved in
modifications within a range without departing from a scope
of the present invention. For example, the sense amplifier may
have application not only to the SRAM playing a role as the
memory cell but also to all types of memory cells having a
single read bit line.

INDUSTRIAL APPLICABILITY

According to the present invention, a semiconductor
memory device performs data storage of a data storage node
that 1s controlled by a transistor connected to the data storage
node as a memory cell by switching a data storage method
between a “‘static mode” when maintaining the storage and a
“dynamic mode” when performing access for thereby pre-
venting corruption to stored data during the read operation.
The sense amplifier takes a novel structure upon executing
one 1mput through a bit line and located 1n a memory array 1n
divided form. The semiconductor memory device operating
at ultrahigh-speeds and ultra-low voltages can be efficiently
realized 1n a small memory cell dimension to be applicable to
all semiconductor memory devices.

The invention claimed 1is:
1. A semiconductor memory device comprising

a memory cell comprising first and second data storage
nodes, wherein the memory cell comprises:

a first inverter circuit including an mmput allocated to the
second data storage node and an output allocated to the
first data storage node, and a second inverter circuit
including an mput allocated to the first data storage node
and an output allocated to the second data storage node;
and
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first access means connected to the first data storage node
for reading out data, and storage control means serially
connected only to a drive transistor of the second
inverter circuit.

2. A semiconductor memory device according to claim 1,
wherein the memory cell further comprises second access
means for accessing the second data storage node, the second
access means being activated with a write signal thereby
performing data transier between a write bit line and the
second data storage node.

3. A semiconductor memory device according to claim 2,
wherein the first access means 1s activated with the memory
access signal thereby performing data transier between a read
bit line and the first data storage node.

4. A semiconductor memory device according to claim 3,
wherein the first and second inverter circuits forming the
memory cell includes a CMOS 1nverter circuit and the first
and second access means and the storage control means
include NMOS transistors.

5. A semiconductor memory device according to claim 1,
wherein the memory cell further comprises second access
means for accessing the second data storage node and the
second access means 1s activated by a write signal to reset the
second data storage node.

6. A semiconductor memory device according to claim 3,
wherein the first and second inverter circuits forming the
memory cell includes a CMOS 1nverter circuit and the first
and second access means and the storage control means
include NMOS transistors.

7. A semiconductor memory device comprising

a memory cell comprising first and second data storage
nodes, wherein the memory cell comprises:

a first inverter circuit including an mput allocated to the
second data storage node and an output allocated to the
first data storage node, and a second inverter circuit
including an input allocated to the first data storage node
and having an output allocated to the second data storage
node; and

a first access transistor connected to the first data storage
node for reading out data, and a transistor serially con-
nected only to a drive transistor of the second mverter
circuit.

8. A semiconductor memory device according to claim 7,
wherein the memory cell further comprises a second access
transistor for accessing the second data storage node and the
second data storage node 1s activated by a write signal to
perform data transier between a write bit line and the second
data storage node.

9. A semiconductor memory device according to claim 8,
wherein the first access transistor 1s activated by the memory
access signal to perform data transier between a read bit line
and the first data storage node.

10. A semiconductor memory device according to claim 7,
wherein the memory cell further comprises a second access
transistor for accessing the second data storage node and the
second data storage node 1s activated by a write signal to reset
the second data storage node.

11. A semiconductor memory device comprising:

first and second data storage nodes;

a first inverter circuit including an mput allocated to the
second data storage node and an output allocated to the
first data storage node, and a second inverter circuit
including an input allocated to the first data storage node
and including an output allocated to the second data
storage node; and

a first access transistor connected to the first data storage
node for reading out data, and a transistor serially con-
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nected only to a drive transistor of the second inverter
circuit, wherein the transistor 1s turned oif during read-
ing of data from the first data storage node.

12. A semiconductor memory device according to claim 2,

further comprising a sense amplifier including a bit line for

transierring data to and from the memory cell, a data line
for transferring data to and from an mmput and output
circuit, an mverter circuit including an input allocated to
the bit line, data read means for transferring an output of
the inverter circuit to the data line, and data write means
activated by a write signal for transferring data from the
data line to the bit line.

13. A semiconductor memory device according to claim
12, wherein the sense amplifier further comprises precharge
means for precharging the bit line, and level-maintaining,
means having an input applied with the output of the inverter
circuit for maintaining a level of the bit line.

14. A semiconductor memory device according to claim
13, wherein the data line of the sense amplifier comprises a
read data line connected to the read means, and a write data
line connected to the write means.

15. A semiconductor memory device according to claim
13, wherein the sense amplifier further comprises write pre-
charge means connected to a write bit line, and second write
means for transierring inverted write data from an mmverted
write data line to the write bit line.

16. A semiconductor memory device according to claim
14, wherein the sense amplifier further comprises precharge
means connected to a write bit line, and second write means
tfor transierring inverted write data from an inverted write data
line to the write bit line.

17. A semiconductor memory device according to claim
13, wherein the sense amplifier further comprises a write bit
line connected to the output of the inverter circuit, and second
write means for transierring inverted write data from an
inverted write data line to the write bit line.

18. A semiconductor memory device according to claim
14, wherein the sense amplifier further comprises a write bit
line connected to the output of the inverter circuit, and second
write means for transierring inverted write data from an
inverted write data line to the write bit line.

19. A semiconductor memory device according to claim
14, wherein the sense amplifier further comprises a write bit
line connected to the output of the inverter circuit, and a write
transistor having a gate mput applied with a signal from the
write data line, a source connected to a ground potential and
a drain connected to the write bit line.

20. A semiconductor memory device according to claim
13, wherein the sense amplifier further comprises a write bat
line connected to an inverted write data line.

21. A semiconductor memory device according to claim
14, wherein the sense amplifier further comprises a write bit
line connected to an inverted write data line.

22. A semiconductor memory device according to claim 2,
turther comprising a sense amplifier which comprises a bit
line and a write bit line for transferring data to and from the
memory cell, a read data line and an iverted write data line
for transierring data to and from an 1nput and output circuit,
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an inverter circuit having an input allocated to the bit line, data
read means for transferring an output of the inverter circuit to
the read data line, data write means activated by a write signal
for transferring data from the inverted write data line to the
write bit line, precharge means for precharging the bit line,
and level-maintaining means input with the output of the
inverter circuit for maintaining a level of the bit line.

23. A semiconductor memory device according to claim 2,
further comprising a sense amplifier which comprises a bit
line and a write bit line for transferring data to and from the
memory cell, a read data line and an 1nverted write data line
for transierring data to and from an 1nput and output circuat,
an inverter circuit having an input allocated to the bit line, data
read means for transferring an output of the inverter circuit to
the read data line, precharge means for precharging the bit
line, and level-maintaining means imput with the output of the
iverter circuit for maintaining a level of the bit line, wherein
the write bit line 1s directly connected to the mverted write
data line.

24. A semiconductor memory device according to claim 2,
turther comprising a sub word driver for selecting aread word
line 1n response to a main word signal, a read block selection
signal and an 1mverted read block selection signal and select-
ing a write word line in response to a main word line, a write
block selection signal and an mverted write block selection
signal.

25. A semiconductor memory device according to claim
24, wherein the sub word driver comprises a first inverter
circuit having an mput applied with the main word signal for
outputting a read word line signal, and a first transistor having
a drain applied with the read word line signal, wherein the first
inverter circuit 1s formed between the read block selection
signal and a ground potential and the first transistor has a gate
applied with the mverted read block selection and a source
connected to a ground potential.

26. A semiconductor memory device according to claim
24, wherein the sub word driver comprises a second mnverter
circuit having an mput applied with the main word signal for
outputting a write word line signal, and a second transistor
having a drain applied with the write word line signal,
wherein the second inverter circuit 1s formed between the
write block selection signal and a ground potential and the
second transistor has a gate applied with the mverted write
block signal and a source connected to a ground potential.

27. A semiconductor memory device according to claim 2,
wherein elements forming the memory cell are placed in
layout 1n an L-shaped region.

28. A semiconductor memory according to claim 27,
wherein a memory cell array including memory cells
arranged so that two adjacent ones of the memory cells are
disposed 1n mirror symmetry with each other with respect to
a side of the memory cell as a mirror symmetry line to leave
a vacant space 1n a central part in the memory cell array, so
that sense amplifiers are disposed 1n the line vacant space.

29. A semiconductor memory device according to claim 5,
wherein elements forming the memory cell are placed in
layout 1n an L-shaped region.
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